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Introduction 1
The rate of multiple births continues to increase due to the combined effect of a rise in 2 maternal age and increased use of assisted reproductive technologies (ART) ( This study describes the prevalence of congenital anomalies in twin pregnancies by 16 chorionicity and by major anomaly subtype, using data from two population-based 17 prospective surveys; the Northern Multiple Pregnancy Register (MPR) and the Northerntotal number of births and then by adding the number of terminations for a congenital 1 anomaly in singletons registered in the NorCAS. 2
In line with current UK law, the RMSO cannot capture data on the use of ART in 3 relation to these pregnancies. 4
Definitions 5
A stillbirth was defined as the birth of a dead fetus at 24 or more completed weeks of 6 gestation, the legal cut-off in gestational age for stillbirth in England and Wales since in 7
October 1992. Twin maternities are defined as twin pregnancies with at least one live birth or 8 stillbirth, including pregnancies where there has been a fetal loss before 24 completed weeks 9 of gestation. The twinning rate is defined as the number of twin maternities per 1000 total 10 maternities with at least one livebirth or stillbirth. The total prevalence rate of congenital 11 anomalies in all registered twin pregnancies is calculated per 10,000 twins irrespective of 12 their outcome (Table II) . The total prevalence rate of congenital anomalies in singletons is 13 the number of anomaly-affected pregnancies resulting in terminations of pregnancy, stillbirths 14 and livebirths per 10,000 singleton stillbirths, livebirths and terminations of pregnancy (for 15 fetal anomaly); late miscarriages are not included in this calculation due to the lack of 16
The RMSO is part of the North East Public Health Observatory and data is processed in 1 accordance with its Security and Confidentiality policy. The RMSO has ethics approval 2 (04/MRE04/25) to undertake studies involving the use of its data. 3
Statistical analysis 4
For descriptive statistical analysis we used SPSS for Windows version 14.0. Rate ratios (RR) 5 with 95% confidence intervals (95% CI) are presented, with statistical significance being 6 accepted at the 5% level. 7
Results
1
There was a total of 2175 twin maternities during the five years, giving a twinning rate of 2 14.6 per 1000 maternities. The twinning rate increased from 13.6 per 1000 maternities in 3 1998 to 16.7 in 2002 (Table I) . 4
Of all twin pregnancies 2084 (89.5%) were diagnosed before 19 weeks of gestation 5 (65.2% before 13 weeks), with no significant change over the five years. Chorionicity in twin 6 maternities was unknown for 68 (15.8%) maternities in 1998 but this had improved to 42 7 (8.7%) in 2002 ( anomalies. Table II shows that in twins with known chorionicity, the prevalence of congenital 4 anomalies in MC twins (633.6/10,000) was significantly higher than that in DC twins 5 (343.7/10,000) (RR=1.8, 95% CI 1.3-2.5). The analysis by major congenital anomaly type 6 revealed that in addition to the expected contribution of anomalies related to twinning, the 7 excess risk in MC twins was attributable to anomalies of the central nervous system, 8 chromosomal and musculoskeletal anomalies. The numbers were sometimes too small to 9 reach statistical significance, as for example in the case of chromosomal anomalies, and the 10 confidence intervals were wide. The prevalence in twin pregnancies with unknown 11 chorionicity was 297.5 per 10,000. Given that chorionicity data are incomplete; these rates 12 must be treated with caution. Even if all twins of unknown chorionicity were assumed to be 13 dichorionic, the relative risk of congenital anomalies in MC twins was still higher compared 14 to DC twins (RR=1.9, 95% CI 1.4-2.6). Among 20 twin pregnancies with unknown 15 chorionicity 12 were like-sex twin pairs. 16
For comparison with studies which do not have chorionicity data we also present the 17 prevalence of congenital anomalies for LS twins, which can contain both MC and DC 18 pregnancies, and ULS twins, containing only DC twin pairs. For LS pairs the rate was higher 19 (439.2 per 10,000) than for ULS pairs (313.8 per 10,000) (RR=1.4, 95% CI 1.0-2.0), but the 20 relative risk was lower than for MC versus DC pairs. AS 261 twin pregnancies of the 2329 21 recorded twin pregnancies (11.2%) resulted in an early spontaneous fetal loss of at least one 22 twin or a termination of pregnancy, the number of twins with unknown sex pairing (205 pairs) 23 was substantial. The prevalence of congenital anomalies in these pregnancies was 317.1 per 24 10,000. 25
Twins were discordant for a congenital anomaly in the majority (144 out of 163) of 1 pregnancies affected by an anomaly, including 33 out of 434 MC pregnancies. Nineteen 2 pregnancies (11.6%) had both twins affected by a congenital anomaly; eleven of these were 3 MC pregnancies, in ten of MC pregnancies co-twins had concordant types of anomalies. 4
Twin-singleton comparisons 5 Table III shows the total rates of congenital anomalies in both twins and singletons; the risk of 6 a congenital anomaly in a twin pregnancy was 70% higher that in a singleton pregnancy, 7 when anomalies related to the twinning process (conjoined twins and twins affected by the 8 Twin Reversed Arterial Perfusion (TRAP) sequence, i.e. acardiac twins) were also included. 9
The higher risk for twins was not reduced greatly when these twin-specific anomalies were 10 excluded [RR=1.61 (1.38-1.87)] for comparison with other studies. The prevalence rate in live 11 born singletons was 188.1 per 10,000. 12
Table III also demonstrates that twins had higher rates of all major types of congenital 13 anomalies than singletons, except chromosomal anomalies. A separate comparison of the total 14 rates between singletons and twins of different chorionicity revealed that the excess risk of 15 congenital anomalies observed in twins was largely attributed to the excess risk in MC twins 16 (RR=2.3, 95% CI 1.7-3.0) even when anomalies specific to MC twinning were excluded. 17
However, even in DC twins the rate of congenital anomalies was significantly higher than that 18 in singletons (RR=1.4, 95% CI 1.2-1.8). The risk of congenital anomalies in LS twin pairs 19 was higher (RR=1.7, 95% CI 1.4-2.1) than in ULS twin pairs 1.3 (95% CI 1.0-1.8) compared 20 to singletons. 21
This study using high quality, prospectively collected data from population-based registers of 2 twins and congenital anomalies reports an increased rate of congenital anomalies in twin 3 compared to singleton pregnancies for all major types of anomalies, except chromosomal 4
abnormalities. There was a two-fold increased prevalence of congenital anomalies in MC 5 twins compared to singletons; however, congenital anomalies were also more common in DC 6 twins than in singletons. Among twin pregnancies, the rate of congenital anomalies was 7 nearly doubled in MC compared to DC twin pairs. abnormalities from their analysis due to the presumed confounding effect of advanced 11 maternal age associated with dizygotic twinning (Mastroiacovo et al., 1999) . 12 The variations in the prevalence rates of congenital anomalies between studies may 13 partly be explained by the differences in definitions and inclusion criteria for anomalies and 14 outcomes examined. Some were based on register data which collected congenital anomalies 15 in live born children only and included such anomalies as congenital dislocation of hip, 16 talipes, patent ductus arteriosus or undescended testes, (Li et al., 2003) which our study 17 excluded. Although the differences in inclusion criteria will affect the overall rate and rates by 18 major malformation type, it should not influence the rate ratios as long as inclusion criteria 19 are consistent for both singletons and twins. However, the timing of registration of a twin 20 pregnancy will affect the rate ratios: the earlier a twin pregnancy is registered the higher is the 21 number of diagnosed early fetal losses including those with congenital anomalies and, 22 consequently, the lower is the number of twin pregnancies registered as singleton. Thus it has 23 been hypothesised that some congenital anomalies and cerebral palsy of unknown aetiology (287.8/10,000) compared to ULS twins (252.3/10,000). However, the excess rate they found 13 for cardiovascular anomalies was confined to LS twins. 14 In our study the risk of congenital anomalies in MC twins was nearly twice as high as in 15 DC twins, which remained stable when twins with unknown chorionicity were added to DC 16 twins. The increased risk of anomalies in MC twins was over twice higher than in singletons. 17 early primary malformations may develop due to the same (poorly understood) aetiological 1 mechanisms; such malformations have a predeliction for midline structures, eg sirenomelia, 2 cloacal anomalies and holoprosencephaly (Phelan and Hall, 2006). 3
Our study also showed an increased risk of anomalies in DC twins compared to 4 singletons, although the excess risk was smaller than between MC twins and singletons. This 5 can be partially explained by the fact that a third of MZ twins, which are known to be 6 associated with a higher risk of anomalies, are DC. It can also be speculated that the excess 7 risk of congenital anomalies in both DC and MC twins compared to singletons may be partly 8 accounted for by surveillance bias as during pregnancy and after birth, twins, as a high risk 9 group, are followed with increased surveillance intensity compared to singletons. However, 10 there is currently no evidence that this is a major contributing factor to the higher risk of 11 major congenital anomalies in twins. 12
Wider use of ART contributing to the growing proportion of twin pregnancies may 13 also, to some extent, contribute to the increased rate of congenital anomalies in twins 14 compared to singletons (Bergh et al., 1999) , although some studies found an increased rate in 15 is due to the treatment itself. Unfortunately, in our study we were not able to investigate the 19 effect of the use of ART on the rates of congenital anomalies as in line with current UK law, 20 the register cannot capture these data. 21
The major strength of our study is the availability of reliable chorionicity data which 22 allows us to evaluate the contribution of monochorionicity and monozygosity to the excess 23 rate of congenital anomalies in twins. Although some studies based on data from several 24 registries are larger and statistically more powerful, the lack of information on the sex of a co-25 twin, and, in particular, on chorionicity, is a serious limitation (Mastroiacovo et al., 1999) . 1
Our study based on five-year regional data is insufficiently powerful to compare prevalence 2 rates for specific congenital anomalies; however, it is able to present the comparison for 3 major congenital malformation groups and to examine for concordance in relation to 4 chorionicity. 5
In conclusion, our population-based study shows that twins, in particular 6 monochorionic, have an increased risk of congenital anomalies than singletons. Among twin 7 pregnancies, the rate of congenital anomalies in MC twin pairs was nearly twice that in DC 8 pairs. 9 We are grateful to all the district convenors and coordinators in the Northern Region for their 7 continued collaboration and support of the PMS, MPR and NorCAS. We also thank the staff 8 at the Regional Maternity Survey Office. We are grateful to Professor Emeritus Peter Pharoah 9 for his valuable comments on the paper. 
